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Description 

HYBRID AUTOMOTIVE POWERTRAIN 
WITH TORSIONAL VIBRATION DAMPER 

Cross Reference to Related Applications 

[0001] This application is a continuation-in-part of U.S. applica- 
tion Serial No. 10/063,196, filed March 28, 2002. It is a 
continuation-in-part also of U.S. application Serial No. 
10/463,046, filed June 17, 2003. Applicant claims priority 

to those applications. 
Background of Invention 

[0002] 1. Field of the Invention 

[0003] The present invention relates to hybrid automotive power- 
trains, specifically in the area of vibration control. 
[0004] 2. Background Art 

[0005] Torsional resonance vibration has always been an inherent 
problem with automobiles powered by an internal com- 
bustion engine because of engine inertia forces. Methods 
that have been devised to minimize this vibration usually 



involve adding a damper system, which uses an additional 
mass to absorb vibration forces. 

[0006] The added mass of such damper systems minimizes vi- 
brations, but it also adds extra weight to the automobile. 
The extra weight of a traditional damper system affects 
the automobile's performance and adds to its complexity. 

[0007] The torsional resonance vibration is diminished in hybrid 
vehicles that are powered by an internal combustion en- 
gine and an electrical motor, but it is not eliminated. By 
tradition, the torsional vibration problem in a hybrid vehi- 
cle has been dealt with in the same way as in an internal 
combustion engine vehicle; i.e., by adding an extra mass 
to absorb vibration forces, even though a hybrid vehicle is 
built quite differently than a gasoline-powered automo- 
bile. 

[0008] Generally, a hybrid electric vehicle combines an electric 
power source with a traditional internal combustion en- 
gine power source to achieve enhanced fuel economy and 
lower exhaust emissions. Electric propulsion typically has 
been generated through the use of batteries and electric 
motors. Such an electric propulsion system provides de- 
sirable characteristics of high torque at low speeds, high 
efficiency, and an opportunity to regeneratively capture 



otherwise lost braking energy. 

[0009] Propulsion using an internal combustion engine provides 
high energy capability and enjoys an existing infrastruc- 
ture and lower cost due to economics of scale. By combin- 
ing the two power sources with a proper control strategy, 
the result is a reduction in the use of each power source 
in its less efficient range. Furthermore, in the case of a 
parallel hybrid configuration, the combination of a down- 
sized engine with an electric propulsion system results in 
better utilization of the engine, which improves fuel con- 
sumption. The electric motor and battery can compensate 
for reduction in the engine size. 

[0010] | n typical configurations, the combination of the two types 
of propulsion systems (internal combustion engine and 
electric) is usually characterized as either series or parallel 
hybrid system. In a pure series hybrid propulsion system, 
only the electric motor(s) is in direct connection with the 
drivetrain and the engine is used to generate electric 
power that is fed to the electric motor(s). The advantage 
of this type of system is that the engine can be controlled 
independently of driving conditions and therefore can be 
consistently run with optimum fuel efficiency and low 
emission levels. A key disadvantage to the series arrange- 



ment is the loss of energy experienced because of the in- 
efficiencies associated with full conversion of mechanical 
engine output energy to electrical energy. 

[0011] | n a pure parallel hybrid propulsion system, both the en- 
gine and the electric motor are directly connected to the 
drivetrain, and either one may independently drive the ve- 
hicle. Because there is a direct mechanical connection be- 
tween the engine and the drivetrain in a parallel hybrid 
propulsion system, less energy is lost through conversion 
to electricity compared to a series hybrid propulsion sys- 
tem. The operating point for the engine, however, cannot 
always be chosen with full freedom. 

[0012] The two hybrid propulsion systems can be combined into 
either a switching hybrid propulsion system or a parallel- 
series hybrid propulsion system. A switching hybrid 
propulsion system typically includes an engine, a genera- 
tor, a motor, and a clutch. The engine is typically con- 
nected to the generator. The generator is connected 
through a clutch to the drivetrain. The motor is connected 
to the drivetrain between the clutch and the drivetrain. 
The clutch can be operated to allow series or parallel hy- 
brid propulsion. 

[0013] a parallel-series hybrid system, as in the case of the 



present invention, includes an engine, a generator, and a 
motor. A planetary gear set allows a series power flow 
path from the engine to the generator and a parallel 
power flow path from the engine directly to the drivetrain. 
In a parallel-series hybrid system, the engine speed can 
be controlled by way of the series power flow path, while 
maintaining a mechanical connection between the engine 
and drivetrain through the parallel path. The motor aug- 
ments the engine power in the parallel path, as in the case 
of a traction motor in a pure parallel hybrid propulsion 
system, and provides an opportunity to use energy di- 
rectly through the series path, thereby reducing the losses 
associated with converting the electrical energy into and 
out of chemical energy from the battery. 

[0014] | n a typical parallel-series hybrid system, the generator is 
connected to the sun gear of the planetary gear set. The 
engine is connected to the planetary carrier. The output 
gears, usually including an output shaft and gears for 
connecting the motor and the final drive, are connected to 
the ring gear. In such a configuration, the parallel-series 
hybrid system generally operates in four different modes; 
one electric mode and three hybrid modes. 

[0015] | n the electric mode, the parallel-series hybrid system 



propels the vehicle using only stored electrical energy and 
the engine is turned off. The tractive torque is supplied 
from the motor, the generator, or a combination of both. 
This is the preferred mode when the desired power is low 
enough so that it can be produced more efficiently by the 
electrical system than by the engine when the battery is 
sufficiently charged. This is also a mode for reverse driv- 
ing because the engine cannot provide reverse torque to 
the powertrain in this configuration. 

[0016] | n the parallel hybrid mode, the engine is operating and 
the generator is locked. By doing this, a fixed relationship 
between the speed of the engine and the vehicle speed is 
established. The motor operates as a motor to provide 
tractive torque to supplement the engine's power, or it 
can be operated to produce electricity as a generator. This 
mode is used whenever the required power demand re- 
quires engine operation and the required driving power is 
approximately equal to an optimized operating condition 
of the engine. This mode is especially suitable for cruising 
speeds. It is maintained by a small internal combustion 
engine fitted to the hybrid electric vehicle. 

[0017] | n a parallel-series hybrid mode, the engine is on and its 
power is divided between a direct mechanical path to the 



drivetrain and an electrical path through the generator. 
The engine speed in this mode is typically higher than the 
engine speed in the parallel mode, thus effecting higher 
engine power. The electrical energy produced by the gen- 
erator can flow to the battery for storage or to the motor 
for immediate use. In the positive parallel-series mode, 
the motor can be operated as either a motor to provide 
tractive torque to supplement the engine's power or to 
produce electricity in combination with the generator. This 
is the preferred mode whenever high engine power is re- 
quired for tractive powering of the vehicle, such as when 
high acceleration is called for; e.g., in passing or uphill 
ascents. This is a preferred mode used when the battery is 
charging. 

[0018] | n a negative parallel-series hybrid mode, the engine is in 
operation and the generator is used as a motor acting 
against the engine to reduce its speed. Consequently, en- 
gine speed, and therefore engine power, is lower than en- 
gine speed in a parallel mode. If needed, the motor can 
also be operated to provide tractive torque to the drive- 
train or to generate electric power therefrom. This mode 
is typically never preferred due to increased losses at the 
generator and planetary gear system, but it will be utilized 



when engine power is required to be decreased below that 
which would otherwise be produced in parallel mode. This 
situation will typically be brought about because the bat- 
tery is in a well-charged condition and there is low trac- 
tive power demand. In this regard, whether operating as a 
generator or motor, the torque output of the generator is 
always of the same sense (+/-); that is, the torque is al- 
ways directionally opposed to that of the engine. The sign 
of the speed of the generator, however, alternates be- 
tween negative and positive values depending upon the 
direction of rotation of its rotary shaft, which corresponds 
to the generator mode versus the motor mode. Because 
power is dependent upon the sense of the speed (torque 
remains of the same sense), the power will be considered 
to be positive when the generator is acting as a generator 
and negative when the generator is acting as a motor. 
[0019] when slower engine speed is desired, the current supplied 
to the generator is changed, causing the speed of the 
generator to slow. This in turn slows the engine. This ef- 
fect is accomplished because the resistive force acting 
against the torque of the generator is less at the engine 
than at the driveshaft, which is connected to the wheels 
and is influenced by the entire mass of the vehicle. It 



should be appreciated that the change in speed of the 
generator is not equal, but instead proportional to, that of 
the engine because of gear ratios involved in the connec- 
tion therebetween. 

[0020] Typically, to achieve a smooth engine start in a hybrid 

electric vehicle in which the engine is mechanically inter- 
connected to the drive wheels, the start of engine fuel in- 
jection and ignition is made at speeds above any mechan- 
ical resonance speeds of the drivetrain. Additionally, at 
full take-off acceleration, any delay in the engine's pro- 
duction of power typically decreases engine performance. 
Still further, to achieve smooth driving characteristics and 
obtain low fuel consumption, the engine torque and speed 
change rates must be limited. At full take-off, this usually 
results in an increased time for the engine to reach maxi- 
mum power, and all of these conditions deteriorate accel- 
eration performance of the vehicle. 

[0021] As can be appreciated, the engine is not always running 
during vehicle operation. If the engine is stopped for a 
sufficiently long period during operation of the vehicle, 
the exhaust system catalyst may cool down to such a de- 
gree that a temporary, but significant, increase in exhaust 
emissions may occur upon restart until the catalyst once 



again warms to its effective temperature. 

[0022] | n a typical parallel-series hybrid electric propulsion ar- 
rangement, the control strategy involves operating the 
engine along optimum efficiency torque versus speed 
curves. A trade-off exists between traction force perfor- 
mance and fuel economy that, for optimization, typically 
requires selection of a particular gear ratio between the 
engine and the wheels that causes the engine to deliver 
more power than is needed for vehicle propulsion. This 
generally occurs during cruising in parallel mode, or near 
constant vehicle velocity conditions. Operation under 
these conditions can sometimes cause the battery and 
charging system to reject energy being delivered thereto 
from the engine. This problem is generally solved by de- 
creasing or limiting the engine output power by entering 
negative split mode that entails using the generator as a 
motor to control the engine to a decreased speed. Such 
control allows the engine to follow an optimum curve at 
reduced engine output power. 

[0023] use of the generator as a motor gives rise to power circu- 
lation in the powertrain, which leads to undesirable en- 
ergy losses at the generator, motor, inverters and plane- 
tary gear set. These energy losses may be manifest as 



heat generation, which indicates that most efficient use is 
not being made of the installed drivetrain. 

[0024] | n a parallel-series hybrid propulsion system having one 
or more planetary gear sets and utilizing a generator 
lock-up device, harshness in ride occurs when the gener- 
ator lock-up device is engaged and released. This is due 
primarily to the difference in how the engine torque is es- 
timated when the vehicle operates in different operating 
modes. Typically, when the generator is locked-up, en- 
gine torque is estimated from the combustion control 
process of the engine. When the generator is free, how- 
ever, as in a parallel-series mode, engine torque is esti- 
mated from the generator torque control process. The 
difference in values of these two estimating techniques 
gives rise to what usually amounts to a variation in oper- 
ating torque between the engine and generator when the 
lock-up device is engaged or disengaged, thereby creat- 
ing harshness in the vehicle's operation, usually manifest 
as abrupt changes or jerkiness in the vehicle's ride. 

[0025] The generator is typically used to control the engine in a 
parallel-series hybrid mode. This is usually accomplished 
by employing a generator having maximum torque capa- 
bilities substantially greater than the engine's maximum 



torque that is transmittable to the planetary gear system. 
Failure to have such a control margin can result in gener- 
ator over-speed and possible damage to the propulsion 
system. Such a control margin means, however, that the 
engine and generator are not fully exploited at full capac- 
ity acceleration. 

[0026] There are several deficiencies associated with the use of 
known hybrid electric vehicle designs described above, 
and one of them is related to torsional resonance vibra- 
tions. 

[0027] Torsional vibration is caused, among other reasons, by 
the unevenness of crankshaft rotation for an internal 
combustion engine and consequent rotation of the drive- 
train. The torsional vibration may comprise an entire 
spectrum of vibrations of different frequencies and may 
resonate with the natural frequency of the body of a vehi- 
cle. The torsional resonance vibrations that are in the 
driving range create a vibration or a noise that is objec- 
tionable to drivers and passengers. 

[0028] one way to move these resonance vibrations out of a crit- 
ical driving range is the use of an auxiliary damper, usu- 
ally located on the driveshaft, which is commonly known 
as prop-shaft damper. This auxiliary damper comprises a 



torsional spring and a mass. It can be tuned to a specific 
frequency. This combination of torsional springs and 
masses adds weight to a vehicle and increases its cost. 
The added weight has a direct adverse effect on the fuel 
consumption. 

[0029] The additional weight is especially undesirable in hybrid 
vehicles because of limited power provided by the electri- 
cal motor. Hybrid vehicles tend to be less heavy when 
compared to a vehicle propelled by a traditional internal 
combustion engine, so the hybrid vehicles can have better 
performance with an electrical motor. Any additional 
weight will affect this performance objective. 

[0030] Therefore, a better solution to this torsional resonance vi- 
bration is clearly needed. 
Summary of Invention 

[0031] Briefly described, the present invention comprises an aux- 
iliary damper system for hybrid vehicles. The auxiliary 
damper system according to the present invention re- 
places the traditional spring-mass combination damper 
system installed along a driveshaft with a system installed 
adjacent to an electrical motor. It uses no additional mass. 
The auxiliary damper system uses inertia of an electrical 
motor in combination with springs to reduce torsional 



resonance vibration. 

[0032] The auxiliary damper system according to the present in- 
vention eliminates the traditional spring-mass damper 
system in the driveshaft and places a spring-mo- 
tor-inertia damper system adjacent to the electrical mo- 
tor, also known as a traction motor, of a hybrid vehicle. 
The spring-motor-inertia damper system is placed adja- 
cent to the electrical motor. 

[0033] The electrical motor is connected to two cover plates that 
are separated from each other by spacer bolts. The motor 
is connected to the cover plates through a hub and splines 
in a construction similar to a clutch disc. The cover plates 
have indentations for holding coil springs. A flange is 
placed between two cover plates and attached through a 
hub and splines to a shaft that is connected to a trans- 
mission shaft. The motor inertia thus is not directly linked 
to gear inertias but rather through several coil springs 
that are less stiff than the shaft. 

[0034] The spring-motor-inertia system can be tuned to the nat- 
ural frequency of the vehicle. The tuning is done by ad- 
justing the spring rate. By adjusting the spring rate, the 
natural frequency of the combination spring and motor 
inertia can be placed within the driving range. The inertia 



created can counteract torsional resonance vibration in 

the driving range, thereby greatly reducing vibrations. 
Brief Description of Drawings 

[0035] Figure 1 is a schematic representation of a parallel-series 
hybrid electric vehicle powertrain with a damper system 
on the output side of an electric motor; 

[0036] Figure la is a schematic representation of a powertrain 
similar to the powertrain of Figure 1 that does not em- 
body the present invention and that includes a spring and 
mass damper arrangement on the transmission output 
shaft; 

[0037] Figure 2 is a schematic representation of a parallel-series 
hybrid electric vehicle powertrain drive with multiple-ra- 
tios and with a damper system on the output side of an 
electric motor; 

[0038] Figure 2a is a schematic representation of a powertrain for 
a hybrid electric vehicle with a planetary gear set on an 
intermediate axis between the engine axis and the motor 
axis and with a damper system on the output side of an 
electric motor; 

[0039] Figure 2b is a schematic representation of a hybrid elec- 
tric vehicle driveline with multiple-ratios without a plane- 
tary gear unit on a third axis between the engine axis and 



the motor axis and with a damper system on the output 
side of an electric motor; 
[0040] Figure 3 is a schematic representation similar to Figure 

2a, but the power flow path for the motor has multiple-ra- 
tios; 

[0041] Figure 3a is a schematic representation similar to Figure 
3, but the gearing in the power flow path for the motor is 
not a planetary gear unit as in the case of Figure 3. 

[0042] Figure 3b is a schematic representation of a gearing ar- 
rangement for a hybrid electric vehicle having an addi- 
tional multiple-ratio torque output gear with multiple 
clutches to achieve smooth shifts; 

[0043] Figure 3c is a schematic representation of a gearing ar- 
rangement for a rear wheel drive vehicle; 

[0044] Figure 4 is a schematic representation of a gearing ar- 
rangement for a hybrid electric vehicle having a planetary 
gear set on the axis of the motor; and 

[0045] Figure 5 is a schematic representation of a gearing ar- 
rangement for a hybrid electric vehicle in which a reaction 
brake is used on the engine as a generator delivers torque 
through a planetary gear unit to the traction wheels in an 
alternate drive mode, the motor being capable also of de- 
livering torque to the traction wheels during reverse drive. 



Detailed Description 

[0046] Figure 1 shows a gearing arrangement for a front wheel, 
parallel-series gear system. 

[0047] Although several of the gearing arrangements of the vari- 
ous disclosed embodiments of the invention are intended 
for front wheel drive vehicles, the invention may be used 
in other configurations as well, including rear wheel drive 
vehicles and all-wheel drive vehicles. 

[0048] | n Figure 1, engine 10 is connected to transmission input 
shaft 12 through a mechanical spring damper assembly 
14. Shaft 12 is connected to the carrier 16 of a planetary 
gear unit 18. The sun gear 20 of the gear unit 18 is con- 
nected to the rotor 22 of an electric generator 24. An 
overrunning coupling or brake 26 prevents the carrier 16 
and the engine from being driven with reverse motion 
while allowing the generator to deliver torque to the 
wheels when the engine is turned off. 

[0049] The ring gear 28 of planetary gear unit 24 is connected to 
engine countershaft drive gear 30 and to countershaft 
gear 32, thus driving the intermediate shaft 34. An elec- 
tric traction motor 36 is drivably connected to the inter- 
mediate shaft through gears 38 and 32. Countershaft gear 
40 meshes with the ring gear of a differential-and-axle 



assembly 42 for the traction wheels. A transmission oil 
pump 44 is drivably geared to shaft 12. 

[0050] when a vehicle with the transmission arrangement shown 
in Figure 1 is in a highway cruise mode, the generator 
brake 46 can be applied. This establishes a geared con- 
nection between the engine driven shaft 12 and the d if— 
ferential-and- axle assembly 42. 

[0051] if the generator brake is applied, the power flow path is 
fully mechanical. The power source can be fully electrical 
if the vehicle is launched from a standing start with the 
engine off. A positive distribution of power occurs when 
the generator develops torque and the motor is motoring. 
When the motor absorbs torque and the generator is mo- 
toring, a negative power distribution occurs. In both posi- 
tive power distribution and negative power distribution, a 
part of the energy is transferred electrically and part is 
transferred mechanically. 

[0052] | n the embodiment of the invention shown in Figure 2, the 
engine power flow path can be shifted using a planetary 
gear set, but the power delivery path for the motor is not 
shifted. In Figure 2, there are two planetary gear units 
rather than a single planetary gear unit, as in the gearing 
arrangement of Figure 1. The output of the first planetary 



gear unit shown at 48 is the ring gear 50. Sun gear 52 of a 
second planetary gear unit shown at 54 is connected to 
the ring gear 50. An underdrive brake 56 provides a reac- 
tion point for ring 58 of gear unit 54. The engine 60 then 
is drivably connected to the output shaft with a torque 
multiplying ratio as the engine driven shaft 60 delivers 
torque through gear unit 48 to ring gear 62. Sun gear 64 
of gear unit 48 is connected to the rotor 66 of the gener- 
ator 68. 

[0053] a clutch 70 is located between the carrier of gear unit 54 
and the ring gear 58. When the clutch 70 is engaged, the 
engine is connected to the output shaft with lower torque 
multiplication. 

[0054] | n t ne embodiment of Figure 2a, the power flow path for 
the engine, as in the case of the gear arrangement of Fig- 
ure 2, can be shifted, but the power flow path for the mo- 
tor cannot be shifted. In the case of the arrangement of 
Figure 2a, however, the shifting of the power flow path for 
the engine occurs on a different axis; namely, the axis of 
countershaft 72. 

[0055] a planetary gear unit 74 is mounted on the axis of coun- 
tershaft 72. Gear unit 74 is comparable to gear unit 54 of 
the arrangement of Figure 2. It includes a brake 76, which 



can be applied to establish a first gear ratio in the power 
flow path between engine driven shaft 78 and the coun- 
tershaft 72. When the brake 76 is released and clutch 80 
is applied, the gear ratio for gear unit 74 is unity. 

[0056] The clutch 76 can be open in a first default mode or 

closed in a second default mode. A default closed mode 
allows the engine to be started without hydraulic pressure 
being available from the pump 82. A default open mode 
requires hydraulic pressure to be developed as the motor 
drives the pump 82. 

[0057] | n the embodiment of Figure 2b, the power flow path for 
the engine can be shifted, whereas the power flow path 
for the motor cannot be shifted. In the case of the ar- 
rangement of Figure 2b, however, the power flow path for 
the engine can be shifted without the use of a planetary 
gear unit on the countershaft axis, as in the case of the 
gear arrangement of Figure 2a. 

[0058] | n the gear arrangement of Figure 2b, a friction clutch 84 
is applied to establish a first ratio in the torque flow path 
for the engine driven shaft 86. When the clutch 84 is ap- 
plied, the engine driven shaft 86 is connected to the out- 
put shaft with a gear ratio for reduced torque multiplica- 
tion. A clutch 88 on the axis of the countershaft 90 can be 



applied to connect the engine to the output shaft with in- 
creased torque multiplication. Since the pitch diameter of 
countershaft gear 92 is smaller than the pitch diameter of 
countershaft gear 94, the design of Figure 2b requires 
less space than the design of Figure 2a because of the ab- 
sence of planetary gearing on the countershaft. This in- 
creases the possibility for improved packaging of the 
transmission in a vehicle powertrain. 

[0059] During the shift, in the case of Figs. 2, 2a and 2b, motor 
torque fills any "torque hole" in the engine torque flow 
path. Thus, the shift is done at a point when there is re- 
serve motor torque. 

[0060] | n the embodiment of Figure 3, the power flow path for 
both the motor and the engine can be shifted. In this re- 
spect, it differs from the embodiments shown in Figures 
2, 2a and 2b. In the embodiment of Figure 3, a first plan- 
etary gear unit 96 is comparable to the planetary gear unit 
48 of the arrangement shown in Figure 2. In the case of 
Figure 3, the carrier 98 is braked by overrunning coupling 
100. Sun gear 102 of gear unit 96 is braked by generator 
brake 104 to establish a first gear ratio as torque is deliv- 
ered from ring gear 106 to countershaft gear 108, which 
drives the carrier 110 of second planetary gear unit 112. 



[0061] when the motor 112 is acting as a power source, carrier 
1 10 is driven by the motor and the output gear of the 
planetary gear unit 110 is the sun gear 118, which drives 
the differential-and- axle assembly 120. The gear ratio 
for the planetary gear unit 113 can be shifted to a ratio of 
unity by engaging clutch 114. Reaction brake 116, when 
the clutch 114 is disengaged, supplies a reaction point for 
the gear unit 112. Thus, in the case of Figure 3, both the 
power flow path for the motor and the power flow path for 
the engine can be shifted between two driving ratios, 
thereby providing additional flexibility to the powertrain. 

[0062] | n the embodiment of Figure 3a, it is possible to provide 
two ratios without the need for a second planetary gear 
set on the countershaft axis. A portion of the gear ar- 
rangement of Figure 3a on the engine axis is similar to 
the gear arrangement of Figure 2a. The arrangement of 
Figure 3a is similar also to the arrangement of Figure 3 
because it makes available two ratios for the output gear. 
Unlike the arrangement of Figure 3, however, the two ra- 
tios for the output gear are achieved without the need for 
a planetary gear unit on the countershaft axis. 

[0063] | n the arrangement of Figure 3a, a countershaft assembly 
122 is connected to countershaft gear 124. 



[0064] | n Figure 3a, countershaft gear 124 can be selectively 
connected to the countershaft gear 128 by clutch 126. 
This establishes a first gear ratio. A second countershaft 
clutch 130 can be engaged to establish a driving connec- 
tion between a smaller diameter countershaft gear 132 
and the differential-and-axle gear 134. Motor torque 
from motor 136 is delivered through the countershaft as- 
sembly 122 through either clutch 126 or 130. Likewise, 
the power flow path from the engine delivers torque to 
countershaft gear 124 and that torque, in turn, is deliv- 
ered through either clutch 126 or clutch 130 to the trac- 
tion wheels. Thus, the engine torque is delivered through 
the same torque flow path as motor torque. Both the en- 
gine and the motor have the same two ratios. In order to 
shift ratios in the power flow path, the engagement and 
release of clutches 126 and 130 must be synchronized to 
avoid a torque reduction at the wheels. 

[0065] As in the case of the previous embodiments, engine 138 
drives torque transfer gear 140 as torque is delivered 
through planetary gear unit 142 located on the engine 
axis. 

[0066] | n the embodiment of Figure 3b, the kinematics involved 
are similar to the kinematics involved in the arrangement 



of Figure 3a. In the case of the arrangement of Figure 3b, 
engine power is delivered to countershaft gear 144 from 
engine 146 through the planetary gear unit 148. Counter- 
shaft gear 150 and a smaller diameter countershaft gear 
152 each drive a differential carrier gear 154 of the differ- 
ential-and-axle assembly 156. Motor power from motor 
158 drives countershaft gear 160, which drives counter- 
shaft 162. Countershaft 162 is connected to the differen- 
tial-and-axle assembly 156 through selectively engage- 
able clutches 164 and 170. Engine power can be delivered 
to the countershaft 162 through selectively engageable 
clutch 166. If countershaft clutch 168 is engaged, engine 
power can be delivered to countershaft gear 150. 
[0067] with the arrangement shown in Figure 3b, the gear ratio 
in the power flow path between the engine and the wheels 
can be changed independently of the gear ratio in the 
power flow path between the motor and the wheels. Thus, 
the motor can provide torque to the wheels during a ratio 
shift in the engine torque flow path and the engine can 
deliver torque to the wheels during a ratio shift in the mo- 
tor torque flow path. Smoother ratio shifts then can be 
achieved because one power source can provide torque 
during a shift interval that occurs in the power flow path 



for the other power source. 

[0068] | n a launch mode, clutch 164 would be closed and clutch 
166 would be closed. When a shift is desired, clutch 166 
is opened and clutch 168 is closed, which would cause 
engine power to flow through the new ratio and motor 
power to flow through the old ratio. Clutch 164 would be 
opened and clutch 170 would be closed, which would shift 
the motor power flow path to the new ratio. 

[0069] Another advantage of the gear arrangement of Figure 3b, 
which is true also of the gear arrangements of Figures 3 
and 3a, is that the vehicle is capable of having a true neu- 
tral gear. That is, the motor and the engine can be com- 
pletely disconnected from the driveshaft by disengaging 
the clutches in the power flow path between the wheels 
and each power source. This feature has advantages dur- 
ing operation of an automatic brake system and during 
hard- braking events for the vehicle because the overall 
powertrain inertia that must be overcome by the friction 
elements of the braking system is reduced as the trans- 
mission rapidly cycles into and out of the neutral state 
during a braking event. 

[0070] The embodiment of the invention shown in Figure 3c is 
intended for rear wheel drive vehicles. It includes ele- 



merits that correspond to elements in the embodiment of 
Figure 3. The elements in Figure 3c that have a counter- 
part in the embodiment of Figure 3 are identified by the 
same reference numerals although prime notations are 
used with the numerals in Figure 3c. 
[0071] The planetary gear unit 113' of Figure 3c is located on a 
common axis for the motor 112' and the engine rather 
than on a countershaft axis as in the case of the gearing 
of Figure 3. In Figure 3c the motor 112' is directly con- 
nected to carrier 110\ whereas the motor 112 of Figure 3 
is connected to carrier 110 through countershaft gearing 
108. 

[0072] | n the embodiment of Figure 4, a gearing arrangement is 
illustrated wherein an added planetary gear unit for the 
motor is used on the motor axis, as indicated at 172. The 
gear unit 172 is a planetary gear unit with a ring gear 174 
that can be drivably connected to countershaft 176 when 
clutch 178 is engaged. Sun gear 180 is connected directly 
to gear 182, which drives countershaft gear 184. The mo- 
tor 186 drives the carrier 188 of the planetary gear unit 
172, and selectively engageable brake 188 anchors ring 
gear 174 to establish a gear ratio through the planetary 
gear unit 172 with the clutch 178 released. When the 



clutch 178 is applied and the brake 188 is released, the 
gear ratio at the planetary gear unit 172 is unity. 

[0073] | n the case of the gear arrangement of Figure 4, only the 
power flow path for the motor can be shifted. The power 
flow path for the engine cannot be shifted. The distribu- 
tion of power between the generator drive and the engine 
drive, as in the case of the previous embodiments, is 
achieved by planetary gear unit 192. 

[0074] | n the gearing arrangement of Figure 4, the electric motor 
is connected through the planetary gear unit 172 to the 
traction wheels. The planetary gear units 172 and 192 are 
arranged such that by engaging clutch 188, a default gear 
ratio of around 3:1 to 4:1 is achieved. This gives the re- 
quired launching torque at the wheels. At highway cruis- 
ing speeds, the clutch 188 is disengaged and clutch 178 
is engaged, which results in a gear ratio of 1:1. Thus, the 
maximum vehicle speed can be increased. Also, motor 
operation in the most efficient speed range can be cho- 
sen, thereby further improving fuel economy. 

[0075] in the embodiment of Figure 5, the gearing elements are 
arranged in a manner similar to the gearing arrangement 
of Figure 2b. In the case of the design of Figure 5, how- 
ever, an extra brake 194 can be applied to anchor the en- 



gine crankshaft and to provide a reaction point for the 
carrier 196 of a power-split planetary gear unit 198. The 
sun gear 200 of the gear unit 198 is adapted to be driven 
by the rotor 202 of the generator. With the carrier 196 
braked and with the engine disabled, a generator drive is 
established when the engine is non-functional. It also 
provides both forward drive and reverse drive modes. The 
motor 204 is drivably connected to the wheels through 
selectively engageable countershaft clutch 206 to achieve 
reverse drive during such alternate drive modes. 

[0076] | n Figure 5, the brake 194 is open during forward drive 
operation, but it is closed in reverse drive operation. It is 
used also to provide reaction torque as the generator de- 
velops torque in the reverse direction. Thus, the generator 
can augment motor torque during reverse drive if that is 
desired. The same amount of power then can be transmit- 
ted, during operation in an alternate drive mode, to the 
wheels in both forward and reverse drive. 

[° 077 ] In selecting the ratios during a shift in the gearing ar- 
rangements of the invention, the overall system efficiency 
is achieved by choosing the appropriate generator and 
engine end-points. The shift between the two ratios is 
performed with hysteresis, which is required for desired 



drivability. The shift can be done either synchronously or 
non-synchronously. 

[0078] Engine starting during normal operating conditions is 
done by spinning the generator to start the engine. The 
clutch "break-torque" is set so that the shock at the trac- 
tion wheels during engine start is minimized while provid- 
ing enough reaction torque for engine starting. The addi- 
tional pressure at the clutch that is needed is provided by 
the engine-driven pump, which facilitates engine torque 
transfer to the wheels by providing added torque reaction. 
This is true of a default-closed high gear clutch. 

[0079] | n the case of a default-open clutch, engine starting can 
be done by modulating the pressure on the high ratio 
clutch to achieve full torque transfer. 

[0080] The ratio shift from low to high must be scheduled at a 
higher vehicle speed than the electric drive speed so that 
the appropriate gear is set before the engine is shut- 
down. The high ratio clutch torque is adjusted to ensure a 
smooth engine shut-down by opening both clutches. 

[0081] if the vehicle has traction control or automatic brake sys- 
tem control, powertrain inertia is reduced as much as 
possible by the gearing arrangements of the invention 
during traction control and automatic braking events. The 



reduced inertia also accommodates energy dissipation 
and reduces shock during these events. 

[0082] During cold starts, in park, the high ratio clutch or the low 
ratio clutch can be opened, which permits the generator 
to be spun to a high speed. Then the clutch can be closed 
to provide starting inertia torque. This is a useful tech- 
nique if the battery power limits are low. 

[0083] Figure la is a schematic representation of a spring-mass 
damper system 210 located at the torque output side of a 
hybrid electric vehicle powertrain. For purposes of illus- 
tration, the gearing arrangement for the powertrain of 
Figure la is similar to the gearing arrangement of the 
powertrain of Figure 1. For this reason, the elements of 
the powertrain of Figure la that have corresponding ele- 
ments in the powertrain of Figure 1 have been designated 
by the same numerals, although prime notations have 
been added to the numerals used in Figure la. 

[0084] | n Figure la, the engine crankshaft is coupled to the shaft 
12' through a flywheel and spring damper assembly 14'. 

[0085] The transmission system of Figure la, which does not in- 
clude features of the present invention, is susceptible to 
torsional resonance vibrations. The torsional resonance 
vibrations are caused mainly by the unevenness of the en- 



gine crankshaft rotation. This vibration affects the entire 
drivetrain, from the main shaft 12' to the gear system 18', 
to the gears 40' and 38', to the differential and axle as- 
sembly 42', and to the wheels. Transmission gearing rat- 
tling is made noticeable when the electrical motor 36' is 
not under any load, and this rattling is added to the vibra- 
tions and transmitted to the body of the automobile. Of- 
ten these vibrations and rattling appear in a frequency 
range that falls within the driving range, especially for 
front wheel drive vehicles. The differential gear and axle 
assembly also can rattle for rear wheel drive vehicles. 

[0086] The critical frequency for hybrid vehicles may lie around 
1500 rpm (rotation per minute), which is the range of op- 
eration for the hybrid vehicles in hybrid operation when 
the engine 10' operates at the low speed and high torque 
condition. In this operating mode, the torsional resonance 
vibrations are more significant. 

[0087] Traditionally, a spring-mass damper system, such as sys- 
tem 210 composed of springs and inertia masses, is 
placed along the output shaft to eliminate torsional reso- 
nance vibrations. The spring-mass damper system can be 
tuned to the natural frequency of the system to absorb vi- 
bration energy on the transmission output gearing and 



the driveshaft, and consequently the energy transferred to 
the wheels and to the body of the vehicle decreases. The 
tuning is accomplished through adjusting one or more of 
the masses, the spring rate, and/or the friction. The addi- 
tional masses and springs increase the weight and the 
cost of the vehicle. 

[0088] Figures 1 and 2-2b, 3-3c, 4 and 5, in contrast to Figure 
la, illustrate systems according to the present invention. 
They illustrate a parallel hybrid vehicle with an electrical 
motor, where the motor inertia is attached to a damper 
instead of to transmission output gearing. A parallel hy- 
brid vehicle has a gasoline engine and an electrical motor, 
and both power the vehicle. The electrical motor is a mass 
that hangs off the transmission output axis and that can 
be used to attenuate torsional resonance vibrations. The 
inertia of the motor rotor replaces the usual damper sys- 
tem mass, as the damper system of Figure la. 

[0089] a damper system 214 according to the present invention 
is introduced between the electrical motor and the trans- 
mission input side. The damper system 214 comprises 
two cover plates 216 and 218 separated by a plurality of 
spacer bolts 220. The electrical motor is connected 
through a hub ring and splines to the cover plates. A 



flange 222 is placed between the cover plates and the 
flange connects through another hub ring and splines to a 
motor output shaft, which is connected to the transmis- 
sion input. Coil springs facilitate the relative movement 
between the flange and the cover plates. The coil springs 
224 in the damper system can be steel coil springs or 
rubber springs, among other possibilities. 

[0090] The spring-inertia damper system 214 is placed adjacent 
to the electrical motor and uses the inertia and the friction 
of the electrical motor to absorb vibration energy. The 
damper rate can be tuned to the vehicle's critical fre- 
quency and the damper torque capacity needs to be more 
than the electrical motor's torque. 

[0091] The cover plates 216 and 218 generally have indentations 
for holding the coil springs 224, and the flange 222 has 
windows for locating the coil springs 224. 

[0092] Engagement of the motor to the damper system is similar 
to a clutch engagement, and this engagement removes a 
direct connection between the inertia of the electrical mo- 
tor and the inertias of the gear system and the engine. 
The inertia of the gear system and the engine thus is cou- 
pled to the electrical motor's inertia via the coil springs 
224, which are less stiff than a shaft connection from the 



electrical motor. 

[0093] The damper system 214 provides additional mass through 
the electrical motor and yet interfaces through less stiff 
members, i.e. coil springs, which lower the natural fre- 
quency to within a driving range. 

[0094] changing spring rate can adjust the natural frequency for 
the damper system 214. 

[0095] Although embodiments of the invention have been de- 
scribed, it will be apparent that modifications may be 
made by persons skilled in the art without departing from 
the scope of the invention. All such modifications and 
equivalents thereof are intended to be covered by the fol- 
lowing claims. 



